The aim of this work was to develop an improved method for isolation and purification of genomic DNA from filamentous cyanobacteria. The method described here employs a modified phenol extraction-based procedure. It allowed us to obtain a high yield (60-620 µg/g wet weight, depending on the cyanobacterial strain) of pure and undegraded genomic DNA (A260/A280 ratio of about 1.8 and A260/A230 ratio of about 2.0). Genomic DNA, isolated from cyanobacteria belonging to the genera Anabaena, Nodularia and Nostoc has been successfully used for construction of gene libraries. Thus, this method can be used in procedures requiring highly purified cyanobacterial DNA.
INTRODUCTION
Cyanobacteria occur in almost all natural habitats, and can survive under extreme conditions of temperature, humidity and salinity (Sivonen and Börner 2008) . Such an adaptation is possible due to i.a. production and excretion of various polymeric compounds, particularly complex carbohydrates. They form a mucous envelope, which protects the cells from various environmental factors (Hoiczyk and Hansel 2000, Liberton and Pakrasi 2008) .
Apart from their ecological importance, cyanobacteria are subjects of a growing interest of biotechnologists. This is caused by a growing number of reports on identification of newly discovered compounds derived from cyanobacteria and having interesting biological activities. These include peptides, lipopeptides, lactones, polyketones, lipopolysaccharides, alkaloids and others (Burja et al. 2001) , some of which reveal antibacterial, antiviral, antifungal, anticancer or cytotoxic activities (Sivonen and Börner 2008) . Therefore, cyanobacteria can be recognized as one of the most promising groups of organisms being a source of newly discovered bioactive compounds of potential use in biotechnology, medicine and other applied fields (Burja et al. 2001 , Sivonen and Börner 2008 , Sivonen et al. 2010 .
One of the strategies leading to identification of biologically active substances is construction of genomic libraries and subsequent isolation of genes coding for proteins either having particular activities of interest or involved in production of bioactive compounds. Moreover, genomic libraries are useful tools in basic research on genetics of tested organisms (Pope and Patel 2008, Kennedy et al. 2010) . However, there are various technical problems in obtaining sufficient amounts of high quality DNA, suitable to construct genomic libraries. Such problems are especially severe if genomic DNA is isolated from filamentous cyanobacteria. This is due to production of large amounts of cellulose, pectins, murein and xylose, which are the components of the cell wall, as well as synthesis and excretion of compounds (particularly complex polysaccharides and proteins) forming the mucous envelope and the protein S layer (Fiore et al. 2000, Hoiczyk and Hansel 2000) . All these compounds interfere with commonly used procedures of DNA isolation and purification, which results in obtaining samples containing small amounts of highly contaminated DNA, usually useless in molecular cloning procedures (Wu et al. 2000) . Commercially available DNA purification kits, based on binding of nucleic acids to silicon membranes at high concentrations of chaotropic salts, are usually useless if one needs to isolate genomic DNA from filamentous cyanobacteria (Bertozzini et al. 2005 , Morin et al. 2010 . Although some procedures of DNA isolation and purification from these organisms were reported, the serious problem is that usually their efficiencies vary considerably from one species to another (Fiore et al. 2000) . Therefore, it appears that optimization of specific methods separately for particular genus or a group of a few genera is necessary (Morin et al. 2010) . Most procedures ensuring elimination of contaminating compounds present in cyanobacterial envelopes cause DNA lesions, therefore, a genetic material thus isolated may be inappropriate for construction of genomic libraries. On the other hand, omitting the purification steps with the use of such DNA-damaging reagents results in low purity of samples, again making them useless in molecular cloning (Wu et al. 2000) . In the light of these problems, we aimed to develop an improved method for efficient isolation and purification of genomic DNA from filamentous cyanobacteria. Since specificity of particular methods to certain genera of filamentous cyanobacteria has been demonstrated previously (Fiore et al. 2000 , Morin et al. 2010 , in this study we have focused on the genera Anabaena, Nodularia and Nostoc. This choice was based on the fact that these cyanobacteria appear to be a potential source of bioactive compounds, while reports on effective DNA isolation from them are scarce.
MATERIALS AND METHODS

Cyanobacterial strains
The following cyanobacterial strains were used: Anabaena sp. CCNP 1405, Nodularia spumigena strain 1405 and Nostoc sp. CCNP 1411. Samples of these cyanobacterial strains were collected during water blooms in Gdansk Bay, Baltic Sea. They were obtained from Dr. Anna Toruńska and Dr. Justyna Kobos (Laboratory of Biochemical Ecology of Microorganisms, Institute of Oceanography, University of Gdańsk, Poland).
The improved method of DNA isolation and purification A sample of cyanobacterial culture or an environmental sample (volume of 1 ml) was homogenized by vortexing and pipetting. Following the centrifugation (14,000 × g for 5 min.), supernatant was removed and the pellet was dissolved in 1 ml of the TE buffer (50 mM TrisHCl, 20 mM EDTA, pH 8.0). The sample was frozen in liquid nitrogen and defrosted slowly at room temperature five times. The mixture was sonicated (pulsar = 30% of maximal amplitude, 10 min.), and 2.5 ml of solution 1 (2 ml of TE, 5 µl of 1 µg ml -1 RNase A (Sigma, USA), 0.5 ml of 50 mg ml -1 lysozyme) was added and incubated for 1 h at 37°C. Then, 0.92 ml of solution 2 (450 µl of 10% sarcosyl, 450 µl of 10% SDS, 20 µl of 20 µg ml -1 proteinase K) was added and incubated for 30 min. at 45°C. Following the addition of 4 ml of phenol (saturated with the TE buffer), the sample was vortexed for 3 min. and then centrifuged (3,600 × g for 5 min.). The water phase was transferred into a new tube, and the phenol extraction was repeated twice. 4 ml of the chloroform -isoamyl alcohol (24:1 v/v) mixture was added to the sample, and 3 min vortexing was followed by centrifugation of the sample (3,600 × g for 5 min.).
Potassium acetate was added to the supernatant to final concentration of 0.3 M. The sample was mixed, and 2 volumes of 96% ethanol were added. Following 15 min. incubation at room temperature, the sample was centrifuged (6,500 × g for 5 min.), and the pellet was washed with 70% ethanol as described above. The pellet was dried and suspended in sterile water.
Determination of DNA sample purity Purity of DNA samples was determined by measuring A260/A280 and A260/A230 ratios, employing a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Thermo Fisher Scientific Inc.).
Electrophoretic DNA analysis DNA samples were analyzed electrophoretically in agarose gels, as previously described (Sambrook and Russell 2001) .
Construction of genomic DNA library Genomic DNA was isolated from Nodularia spumigena according to the procedure developed in this work. The genomic library has been constructed using plasmid pUC19 as a vector and Escherichia coli DH5α strain as a host (see Sambrook and Russell 2001 for the general procedure and characteristics of the vector and host). Briefly, genomic DNA and vector were digested with BamHI restriction endonuclease. Ends of linearized plasmid DNA were dephosphorylated by treatment with alkaline phosphatase (Fermentas). Then, both the vector and inserts were purified using the DNA purification kit (Roche), and mixed at the ratio 1:5 w/w. The ligation reaction was carried out with T4 DNA ligase (Fermentas) for 16-20 h at 16°C. The ligation mixture was used for transformation of E. coli DH5α cells by the CaCl2 method (Sambrook and Russell 2001) . The cells were spread on S-Gal plates containing ampicillin (50 µg ml -1 ). Plates were incubated overnight at 37°C and the number of black and white colonies was determined.
RESULTS
By using the phenol-extraction-based method, improved in this work (see Materials and methods for detail), we have isolated and purified genomic DNA from three strains of filamentous cyanobacteria (Anabaena sp. strain CCNP 1405, Nostoc sp. strain CCNP 1411, and Nodularia spumigena). The comparison between the results obtained with the proposed method and one of the commercially available kits, which works well for most prokaryotic organisms but not for filamentous cyanobacteria (Genomic Mini AX Bacteria 96-well kit, A&A Biotechnology) is presented in Fig. 1 (spectrophotometric analysis of the obtained DNA samples) and Fig. 2 (electrophoretic analysis of the obtained DNA samples). It is clear that the method described here allowed to obtain high quality, non- degraded DNA samples, contrary to the kit (note that similar results were obtained when other commercially available DNA isolation and purification kits were employed -data not shown).
The efficiency of DNA isolation by the method proposed in this report was between 60 and 620 µg g -1 wet weight, depending on the cyanobacterial strain (Table 1) . To assess the purity of DNA samples, we have determined A260/A280 and A260/A230 ratios. It is generally accepted that a DNA sample of high purity should have the A260/A280 ratio of about 1.8 and the A260/A230 ratio between 2.0 and 2.2 (Manchester 1995 , Sambrook and Russell 2001 , Morin et al. 2010 . The A260/A280 value below 1.8 indicates a possible protein contamination, while the A260/A230 value below 2.0 or above 2.2 indicates the presence of carbohydrates, phenols or other aromatic contaminants. The values measured for samples obtained with the use of the method described in this report were close to the values recommended for pure DNA (Table 1) .
To assess the suitability of the proposed method for the procedures of genome library construction, we have constructed such a library using the genomic DNA of Nodularia spumigena and the pUC19 plasmid vector. A few hundred colonies of the recipient E. coli strain per plate were obtained, and the library consisted of about 35% clones containing plasmids with inserts (data not shown). This suggests that the DNA sample used in this procedure was of a sufficient quality to construct a genomic library.
DISCUSSION
Although cyanobacteria produce various potentially useful compounds, and cloning and analysis of their genes are of potential biotechnological importance (Burja et al. 2001 , Sivonen and Börner 2008 , Sivonen et al. 2010 , one of the serious problems in biotechnological applications of these microbes is difficulty with efficient isolation of pure DNA. This problem is especially pronounced for filamentous cyanobacteria (Wu et al. 2000) . In this report, we present an improved method for isolation and purification of genomic DNA from three strains of the genera Nostoc, Anabaena and Nodularia. In fact, this method (based on phenol extraction) is a combination of various other procedures rather than a totally novel method. Nevertheless, the amount and quality of the final purification product are significantly improved compared to other methods, especially those based on the commercially available kits, which work well for most bacteria but not for cyanobacteria. The efficiency of genomic DNA isolation obtained by us was between 60 and 620 µg g -1 wet weight. This amount (see Table 1 ) is similar to (for Nostoc) or higher than (for Anabaena and Nodularia) values reported by other authors who used different, phenol-based methods (Fiore et al. 2000 , Wu et al. 2000 . Moreover, these results confirm previous observations (Fiore et al. 2000 , Morin et al. 2010 ) that any method devoted to cyanobacterial DNA isolation and purification, reported to date, varies considerably in its efficiency from one genus (or even strain) to another.
Quality of DNA samples purified with the use of the procedure reported in this work was relatively high. In fact, the A260/A280 values between 1.75 and 1.88, and A260/A230 values between 1.90 and 2.12 were closer to optimal values than those reported for other methods (see, for example, Fiore et al. 2000 , Wu et al. 2000 .
When developing the procedure proposed in this report, several modifications were introduced into methods described earlier by other authors, who also isolated DNA (by phenol-based or other techniques) from cyanobacteria or other microbes. In our opinion, we introduced the following crucial changes into already known procedures:
• The cyanobacterial cell pellet was suspended by us in the TE buffer. Other authors used a solution composed of 50 mM Tris, 20 mM EDTA, 0.5% Triton X100 and 0.2 mg ml -1 RNase (see, for instance, Bertozzini et al. 2005) or employed the following buffer: 100 mM Tris, 50 mM EDTA, 100 mM NaCl (Wu et al. 2000 ).
• We have employed the freezing-anddefreezing procedure and sonication to lyse the cells. Other authors (see, for example, Fiore et al. 2000) pulverized the frozen material. In our experience, the procedure involving crushing or pulverizing involves the risk of introducing DNA strand breaks.
• Our samples were incubated with lysozyme and RNase added together. In other procedures, either only lysozyme was used (Wu et al. 2000) or lysozyme was added to the sample first, and addition of RNase was followed by addition of lysozyme (Sinha et al. 2009 ).
• We have added SDS, sarkosyl and proteinase K simultaneously to the sample. In some other procedures, only SDS (not sarkosyl) was used and proteinase K was added 10 min. after addition of SDS (Saha et al. 2005) . Alternatively, Wu et al. (2000) added only sarkosyl, following 90 min incubation they added proteinase K, after next 30 min. they added lysozyme, then SDS, and finally protease. Another method proposed the sole use of SDS (Bollet et al. 1991 ).
• Our method employs triple phenol extraction, followed by a single extraction with the chloroform-isoamyl alcohol (24:1, v/v) mixture. Saha et al. (2005) used a double extraction with the mixture of phenolchloroform-isoamyl alcohol (25:24:1, v/v/v), followed by a single extraction with chloroform-isoamyl alcohol (24:1, v/v). Wu et al. (2000) employed an extraction with phenol and then chloroform-isoamyl alcohol (24:1, v/v). Sinha et al. (2009) suggested a single extraction with phenol and a single extraction with chloroform. Bollet et al. (1991) used a single extraction with phenol-chloroformisoamyl alcohol (25:24:1, v/v/v).
In conclusion, we have developed a modified procedure for isolation and purification of genomic DNA from filamentous cyanobacteria belonging to the genera Anabaena, Nodularia and Nostoc. This method is efficient and allows to obtain DNA samples of high purity. The quality of DNA samples is high enough to be used in effective construction of genomic libraries.
